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| NTRODUCTI ON

The purpose of this report was to study wave swel |
events in the Monterey Bay. Meteorol ogical and
oceanogr aphi c data was obtained fromthe National Data Buoy
Center (NDBC) Monterey Buoy, Station 46042 for the nonth of

Decenber to study wave swells. This buoy is a three-neter
di scus buoy with a DACT payload and is |located at 36°45 11"N

122°25" 21"W (Figure 1). It is a deep-water buoy, in 1,920
neters of water. This buoy is capable of neasuring air,
sea surface, and dewpoint tenperatures, sea |evel pressure,
wi nd speed and direction, gust speeds, significant wave
hei ght, average and dom nant wave periods, and nean wave
direction. This study only considered the wind and wave

measur enent s.
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Figure 1. Location of Mnterey Bay Buoy.



The mlitary, scientists, and conmerci al conpanies are
all concerned with devel opi ng accurate nodels for
predi cting sea state conditions, not only to save lives,
but also to save noney and tinme. Before an accurate
predi ction can be nmade, it is inportant and necessary to
study the sea and its wave dynam cs. Seas devel op waves of
varying directions, heights, and energies. A statistical
approach to studying waves invol ves spectral analysis. The
wave energy spectrumin Figure 2 shows a general range of
peri ods observed in ocean waves. Wnd speed, duration, and
fetch all affect wave characteristics and sea state. The
wi nd generally only devel ops the short period waves. The
| onger period swells generally develop fromdistant storns

rather than fromlocal w nd conditions.
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Figure 2. Arelative energy vs. period plot for
waves observed in the ocean.



DATA COLLECTION

The data used in this study was coll ected by the
buoy’s instruments every hour. Wnd speed (nfs) and
direction (degrees in the direction the wind is com ng
from neasurenents were averaged over an eight-m nute
observation period. A unit-vector average was used to
calculate the direction, where a unit vector and the wind u
and v conponents for each observation were averaged and
used to conpute the average direction. Significant wave
hei ght (nmeters) was cal cul ated as the average of the
hi ghest one-third wave heights during a twenty-m nute
sanpling period. The average wave period (seconds) was
cal cul ated during the sanme twenty-m nute sanpling period.
The dom nant wave period (seconds) is the period of nmaxi num
wave energy and the nean wave direction (degrees)
corresponds to the energy in this period.

The wave neasurenents that are reported by NDBC are
not directly neasured by the sensors on the buoy. The buoy
sensors neasure heave accel eration or vertical displacenent
of the buoy during a twenty-m nute sanpling tinme. The buoy
processor applies a Fast Fourier Transform (FFT) on the
data to transformthe tenporal data into frequency domain
Then, response anplitude operator (RAO processing is

carried out to account for hull and el ectronic noise. The



DACT Payl oad sensors’ reporting, sanpling, and accuracy are
listed in Table 1.
Par anet er Range Freq. Aver age Resol uti on Accur acy
Peri od
Wnd Direction 0- 360° 1.0 Hz 8 m nut es 1.0° +10. 0°
W nd Speed 0-62 nis 1.0 Hz 8 mnutes 0.1 ms +1.0 m's
Wnd CGust 0-82 m's 1.0 Hz 5 seconds 0.1 ms +1.0 m's
Air Tenperature -40-50 °C 1.0 Hz 8 m nutes 0.1 °C +1.0 °C
Pressure 800-1100 hPa 1.0 Hz 8 m nutes 0.1 hPa +1.0 hPa
VWater Tenperature | -g-40 °C 1.0 Hz 8 m nutes 0.1 °C +1.0 °C
Wave Hei ght 0-35 m 2.56 Hz 20 minutes 0.1 m +0.2 m
Wave Peri od 0-30 sec 2.56 Hz 20 mnutes 1.0 sec +1.0 sec
Wave Spectra 0-999 nf/ Hz 2.56 Hz 20 minutes 0.01 Hz +0.01 Hz
Wave Direction 0- 360° 2.56 Hz 20 m nutes 0.1° NA
Tabl e 1. NDBC buoy 46042 DACT payl oad sensor reporting,

sanpl i ng,

and accuracy.

The buoy reports spectral wave density in nf/Hz for

each frequency bin (0.03-0.40 Hz, with a bin wdth of 0.01

Hz) .

direction (ALPHAL),

The directional

princi pl e wave direction (ALPHA2),

and R2 (paraneters that describe the directional

spr eadi ng) .

to determ ne sea surface height and tilt

di recti ons.

DI SCUSSI ON

The buoy uses a H ppy heave-pitch-rol

in the x-y

wave spectrumreports consi st of mean

R1,

sensor




The data was anal yzed using Matlab version 5. 2.
M ssing data was filtered out and a conposite contour plot
of wave energy (Figure 5) was made to initially identify
swel|l events. The energy spectrum was used because it is

related to the energy of the waves. The directionality of
wave can be described by nean direction 8wgan, and

directional spread ogg graphically defined in Figure 3.
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Figure 3. S(0) is the normalized directional
distribution of energy S(6;w at frequency w.

The buoy reported Rl, a paraneter that descri bed
directional spreading. To calculate gg the follow ng
rel ati onshi p was used:
0o = [2x(1-R1)]1Y2, where Rl = [a;?+b;3] V2
As expected, the highest energies were found in the
| oner frequencies. The |argest energies were found on 22

Decenber to 23 Decenber. This is also where the highest



significant wave heights were found. Three records were

t hen anal yzed separately, 22 Decenber 00Z, 12Z, and 18Z
(Figures 6-8). The peak of the swell event occurred at
18Z. Figure 6 shows the wave energy and directionality
just prior to the swell event, at 00Z. The energy peaked
at two different periods, 14 seconds and 10 seconds, both
around 0.6 nf/Hz. Figure 7 shows the wave energy and
directionality at the beginning of the swell event, when

t he peak energy increased to 15 nf/Hz for a 14 second
period. Figure 8 shows the wave energy and directionality
at the peak of the swell event, with an energy peak of 100
nf/Hz and a 16 second swell. The mean direction indicates

the source of the swells to be fromthe northwestern

Paci fic Ocean, ranging from272° to 304° true over the
course of the swell event. The spectrum narrowed as the
energy increased. The directional spread was between 12°

and 14° for the swell event. The swell periods ranged from
10-17 seconds during the swell event, conpared with | ocal
w nd- generated wave periods of 1 to 4 seconds.

Figure 4 shows a satellite picture from 23 Decenber at
18Z. The front just north of Monterey Bay is the probable

systemthat generated the swell event on 22 Decenber. The



movenent of the cloud structures is in the sane direction

of the swell s.

Figure 4. Visible image from 23 December 2000.

W nds direction and speed were also studied. A tine
series plot of wind direction (Figure 9) shows the |ocal
w nds neasured by the buoy. Wnd speeds range from1l to 12
ms. Figure 9 also shows the wind direction for Decenber,
rangi ng fromnortheast to northwest. Diurnal events can
al so be seen with [ and breezes fromthe east.

The third plot on Figure 9 is of the buoy neasured
significant wave height. A local wind estimte of
significant wave height (red) was done to see if | ocal
W nds were strong enough to produce the waves. The
rel ati onship between the wi nds and significant wave hei ght

can be found by integrating the Pierson-Mskow tz spectrum



E(f) = ag® ((27) % °)exp[- A 27 U g) ]

STE(F)df = aU (4897

vari ance

H = 2(a YU g)

where a = 8.10x10°% and B = 0.74 (Hassel mann et al., 1973).
As Figure 9 shows, the |l ocal wi nds were not strong enough,
or the fetch and duration of the |ocal w nds were not |ong
enough, to produce the waves neasured by the buoy. Sone
exceptions can be seen on a few isolated days for a short
period of time, but these are not significant or for nore
than two neasurenent records. As expected, the |ocal w nds
woul d not be strong enough to generate the higher
significant wave hei ghts neasured during the swell events
in Decenber.

Figure 10 shows a plot of the dom nant wave period
nmeasured by the buoy and a peak period estimted fromthe
| ocal winds using the relationship from Hassel mann et al.
(1973)

fp = 0/l(20).
As expected, the estinated peak wave period would be |ess
than the neasured wave peri od.

The second plot on Figure 10 shows the nean wave
di rection, which ranges from 253° to 321° t hr oughout

Decenber. This indicates that the source of the swells is



fromthe western to northwestern Pacific Ccean, inplying an
unlimted fetch region for large swells to grow.

Since the heave-pitch-roll buoys, |ike the Monterey
Buoy, have becone w dely used, studies have been conducted
to estimate their performance. The NDBC t hree-neter discus
buoys are the principle source of offshore directional wave
nmeasurenents in the United States (OReilly et al., 1996).
Cenerally, a buoy records 1000 to 4000 data points for a 1
to 2 Hz tine series. This ensures a |ong enough record to
prevent aliasing or spectral |eakage. These buoys have
sinple systens that provide the first four Fourier
coefficients, enough for nean direction and directional
spread anal ysis (Krogstad, 1991). It should be noted that
even t hough the buoy provides both wave and net eorol ogi cal
data, the type of stable platformrequired for the nost
accurate wi nd nmeasurenents conflicts with the ideal wave
following platform (O Reilly et al., 1996).

CONCLUSI ON

The data used for this study was easily obtained from
the NDBC website. Matlab was very hel pful in processing
the data. For a nore conpl ete study of w nd-wave
interactions, nore accurate wi nd data nust be obtai ned.

Raw nsonde | aunches at the buoy | ocation would be ideal,

but not likely to occur because of cost and | ogi sti cal



problenms. The Fort Od profiler could al so be used for the
wi nd data, but it is possible that the shape of the bay
area could create sonme error between the profiler neasured
w nds and the actual winds at the buoy offshore. Satellite
data coul d be used, however, if a study were conducted from
previ ous data instead of real-tinme data, archived inages
are not easily located. Wnd data derived from nodel s
could al so be used, but the analysis would have to consi der
any nodel biases. Decenber only had one stormswell event,
nore study should be done during nonths of increased storm

activity, such as Cctober.
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